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Abstract
The coupling constants gpiΛΣ and gKΣΞ are calculated in the QCD sum
rule approach using the three-point function method and taking into account
the SU(3) symmetry breaking effects. The pattern of SU(3) breaking appears
to be different from that based on SU(3) relations.
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I. INTRODUCTION
Understanding the explicit SU(3) symmetry breaking effects in physical quantities, such
as mass splitting, coupling constants and decay constants, has been a subject of research in
models of QCD for many years. Among those models, the method of QCD sum rules [1–3] has
proved to be a very effective tool to extract information about hadron properties. In the QCD
sum rule approach the SU(3) breaking effects are included systematically in perturbative
quark mass corrections (i.e., mu = md 6= ms) and the different quark condensates (〈u¯u〉 =
〈d¯d〉 6= 〈s¯s〉). From fitting analyses of meson and baryon mass splittings it was found that
the best fit was obtained with ms ∼ 150 MeV and γ = 〈s¯s〉/〈u¯u〉 − 1 ∼ −0.2. However,
it was not always possible to calculate all physical quantities in QCD sum rules, especially
those related to Goldstone bosons because of small momentum transfer and possible direct
instanton effects. However, by appropriately choosing the correlation function and improving
the continuum part, we can estimate effects of explicit chiral symmetry breaking even for
quantities related to the Goldstone bosons. For example, in Ref. [4] we calculated gKNΛ,
gKNΣ
1 and compared to gpiNN , and in Ref. [6] we obtained the decay constants fpi, fK
and their ratio using the correlation function of the axial vector currents, for which no
contamination from direct instantons is expected.
In this work, we proceed along these line by presenting a QCD sum rule calculation for
the coupling constants gpiΛΣ and gKΣΞ using the 3-point correlation function. Comparing
these coupling constants to each other can provide further insight into SU(3) symmetry
breaking effects on physical quantities as in the case of gKNΛ and gKNΣ.
In Sec. II and III we present sum rules for the coupling constants, taking into account the
two SU(3) symmetry breaking parameters, ms and γ. In Sec. IV we discuss uncertainties
in our calculations and the sign convention of the pole residues for 1
2
+
octet baryons, and
summarize our results.
II. QCD SUM RULES FOR GpiΛΣ
We will closely follow the procedures given in Refs. [7,2,4]. Consider the three point
function constructed of the two baryon interpolating fields ηB, ηB′ and the pseudoscalar
meson current j5:
A(p, p′, q) =
∫
dx dy 〈0|T (ηB′(x)j5(y)ηB(0))|0〉 ei(p
′·x−q·y). (1)
In order to obtain gpiΛΣ we will use the following interpolating fields for the Λ and the Σ as
in Ref. [2,4]:
ηΛ =
√
2
3
ǫabc
[
(uTaCγµsb)γ5γ
µdc − (dTaCγµsb)γ5γµuc
]
,
ηΣ◦ =
√
2 ǫabc
[
(uTaCγµsb)γ5γ
µdc + (d
T
aCγµsb)γ5γ
µuc
]
, (2)
1A recent status on these couplings is given in Ref. [5].
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where u and d are the up and down quark fields, and a, b, c are color indices. T denotes the
transpose in Dirac space, and C is the charge conjugation matrix. For the π0 we choose the
current
jpi0 = u¯iγ5u− d¯iγ5d. (3)
The sum rule after Borel transformation in p2 = p′2 is
λΛλΣ
MB
M2Σ −M2Λ
(
e−M
2
Λ
/M2 − e−M2Σ/M2
)
gpiΛΣ
fpim
2
pi√
2mq
=
− 2√
3
(
7
12π2
M4 +
m2s
4π2
M2 − ms〈s¯s〉
)
〈q¯q〉. (4)
Note that in this first exploratory work the pole-continuum transition terms [8,9] have been
neglected as was done in Ref. [4]. For λΛ and λΣ, we use the values obtained from the
following baryon sum rules for the Λ and the Σ [2]:
M6 +
2
3
ams(1− 3γ)M2 + bM2 + 4
9
a2(3 + 4γ) = 2(2π)4λ2Λe
−M2
Λ
/M2 , (5)
M6 − 2ams(1 + γ)M2 + bM2 + 4
3
a2 = 2(2π)4λ2Σe
−M2
Σ
/M2 , (6)
again paralleling the procedure of Ref. [4]. Here a ≡ − (2π)2〈q¯q〉, b ≡ π2〈(αs/π)G2〉, and
γ ≡ 〈s¯s〉/〈q¯q〉 − 1 ≃ − 0.2. We take the strange quark mass ms = 150 MeV, and the pion
decay constant fpi = 133 MeV. The sum rule in Eq.(4) does not display a plateau as a function
of the Borel mass. However, to gain some idea of the SU(3) symmetry breaking effects we
proceed by considering the value at Borel mass M ≃ MB = 12(MΛ +MΣ), where MΛ and
MΣ are the masses of the Λ and the Σ particle respectively. This approach parallels to that
of Ref. [4] for gKNΛ and gKNΣ. At this Borel mass, in the r.h.s. of Eq.(4), the contribution
from the s-quark mass correction is only 2% of the first term. Hence the leading order SU(3)
breaking effects appear to be small.
Using the PCAC relation m2pif
2
pi = −4mq〈q¯q〉, we obtain
gpiΛΣ = 7.53 (7)
for 〈q¯q〉 = – (0.230 GeV)3 and 〈(αs/π)G2〉 = (0.340 GeV)4. We now check the dependence
of our result on the SU(3) symmetry breaking parameters. If we take 〈s¯s〉 = 0.6 〈q¯q〉, then
the variation is within 0.3%. In addition, for ms = 180 MeV the change of coupling constant
is less than 0.8%. Thus, we find the coupling constant gpiΛΣ is very weakly dependent on the
SU(3) symmetry breaking parameters. One should be cautious, however, that larger SU(3)
symmetry breaking may be contained in higher order terms not considered here.
On the other hand, our result is more sensitive to different values of the quark condensate.
We obtain gpiΛΣ = 7.35 and 7.13 for 〈q¯q〉 = – (0.240 GeV)3 and – (0.250 GeV)3 respectively.
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III. QCD SUM RULES FOR GKΣΞ
The interpolating fields of Σ+ and Ξ◦ are defined by [2]
ηΣ+ = ǫabc(u
T
aCγµub)γ5γ
µsc,
ηΞ◦ = −ǫabc(sTaCγµsb)γ5γµuc, (8)
and we use
jK− = s¯iγ5u. (9)
Then the final expression is
λΣλΞ
MB
M2Ξ −M2Σ
(
e−M
2
Σ
/M2 − e−M2Ξ/M2
)√
2gKΣΞ
fKm
2
K
2mq
=
+
(
9
10π2
M4 +
7m2s
5π2
M2 − 6
5
ms〈s¯s〉
)
〈q¯q〉. (10)
In this case the contribution of the s-quark mass corrections is also small; about 3% of the
first term.
For λΞ, we use the following sum rule for Ξ [2]:
M6 + bM2 +
4
3
a2(1 + γ)2 = 2(2π)4λ2Ξe
−M2
Ξ
/M2 . (11)
Then, the value of gKΣΞ is
gKΣΞ = − 7.02 (12)
for 〈q¯q〉 = – (0.230 GeV)3 and fk = 160 MeV. The variation of the coupling constant is
within 0.5% if we take 〈s¯s〉 = 0.6 〈q¯q〉. On the other hand, we obtain gKΣΞ = – 7.87 and
– 8.75 for 〈q¯q〉 = – (0.240 GeV)3 and – (0.250 GeV)3 respectively. In addition the coupling
constant is rather dependent on the s-quark mass. For example, if we take ms = 180 MeV,
then gKΣΞ = – 8.55 for 〈q¯q〉 = – (0.230 GeV)3. In the case of gKΣΞ we insert the values
of the s-quark mass in the l.h.s. of Eq.(10) and the quark condensate in the r.h.s. directly
instead of using the PCAC relation for the kaon. Therefore the variation of the coupling
constant is much larger than that for the case of gpiΛΣ.
IV. DISCUSSION
In the previous sections we calculated gpiΛΣ and gKΣΞ by following the same procedures
in Ref. [4]. Here we discuss contributions not included in the previous calculations; First,
the next-leading operator is dimension five 〈gsq¯σ · Gq〉, and it may contribute to the OPE
side with considerable weight as in nucleon mass sum rules [10]. In addition, operators
of dimension seven may also be important in the OPE side as a further power correction.
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Second, the pole-continuum transition terms are neglected as we said previously 2. Last, the
contribution of pure continuum is not included.
While the inclusion of higher order power corrections would significantly complicate the
exploratory analysis presented here, one can easily include the pure continuum contribution
by considering the following factor in the OPE side:
Ei = 1−
i∑
k=0
sk0
k ! (M2)k
e−
s0
M2 , (13)
where s0 is a continuum threshold. For example, including the effect of the pure continuum
Eq.(4) becomes
λΛλΣ
MB
M2Σ −M2Λ
(
e−M
2
Λ
/M2 − e−M2Σ/M2
)
gpiΛΣ
fpim
2
pi√
2mq
=
− 2√
3
(
7
12π2
E1M
4 +
m2s
4π2
E0M
2 − ms〈s¯s〉
)
〈q¯q〉, (14)
and Eqs.(5), (6) can be written as
E2M
6 +
2
3
ams(1− 3γ)E0M2 + bE0M2 + 4
9
a2(3 + 4γ) = 2(2π)4λ2Λe
−M2
Λ
/M2 , (15)
E2M
6 − 2ams(1 + γ)E0M2 + bE0M2 + 4
3
a2 = 2(2π)4λ2Σe
−M2
Σ
/M2 , (16)
where we assume the same continuum threshold in Eqs.(14), (15) and (16). In Table I we
present our previous results of gKNΛ, gKNΣ and the present results of gpiΛΣ, gKΣΞ without
(and with) a continuum model. The previous analysis of Ref. [4] has been repeated with
the continuum model correction. We take the continuum threshold to be s0=2.560 GeV
2,
2.756 GeV2, and 2.856 GeV2 for the case of gKNΛ, gKNΣ (and gpiΛΣ), and gKΣΞ respectively
considering the next Λ(1600), Σ(1660), and Ξ(1690) particle each other, although in the case
of Ξ(1690) its quantum number is not clarified in experiments [13]. In our calculation the
continuum contribution is always less than 50% of the phenomenological side at the relevant
Borel mass. A comparison to fitting analyses of experimental data [14,15] is also provided.
In the table the first row is a prediction from SU(3) relations between meson-baryon
coupling constants. The SU(3) symmetry, using de Swart’s convention [16], predicts
gKNΛ = − 1√
3
(3− 2αD)gpiNN ,
gKNΣ = + (2αD − 1)gpiNN ,
gpiΛΣ =
2√
3
αDgpiNN ,
gKΣΞ = −gpiNN , (17)
2In the case of gpiNN its contribution is at most 5% [11,12].
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where αD is the fraction of the D type coupling, αD =
D
D+F
. We take αD from a recent
analysis of hyperon semi-leptonic decay data by Ratcliffe, αD=0.64 [17] while 7/12 in the
SU(3) symmetric limit [7], and gpiNN from an analysis of the np data by Ericson et al. [18],
gpiNN=13.43. We denote the error bar allowing for SU(3) symmetry breaking at the 20%
level.
One can see that the results with a continuum model are larger than those without the
continuum contribution. However, the corrections range from 20 to 45% and suggest that
further analysis is required before any firm conculsions may be drawn. Full quantitative
analysis along the lines of Leinweber’s work [10] would require all of the above mentioned
corrections and is beyond the scope of this first exploratory calculation.
Let us comment on the sign convention of λB. Usually we construct the interpolating
fields for the octet baryons by starting from the nucleon current and then making SU(3)
rotations. Then the phase will be the same for all baryon states assuming exact SU(3)
symmetry. But, in the real world the λBs are not SU(3) symmetric and the phase can
be changed according to the level of SU(3) symmetry breaking. However, our previous
calculation of gKNΛ and gKNΣ, and the present calculation of gpiΛΣ and gKΣΞ show that
contribution of the s-quark mass corrections is very small compared to the leading term,
and thus the relative signs of λB are the same for all octet baryons.
One can easily check this as below. In Ref. [4] the coupling constants in our diagram
correspond to – gKNΛ and – gKNΣ respectively according to de Swart’s sign convention [16].
Then, our results can be rewritten as follows:
gKNΛ ≃ −
λNλΛ
,
gKNΣ ≃ +
λNλΣ
, (18)
where + and – in the r.h.s. mean that the signs of numerators are + and – respectively.
Similarly our present results for gpiΛΣ and gKΣΞ give
gpiΛΣ ≃ +
λΛλΣ
,
gKΣΞ ≃ −
λΣλΞ
. (19)
Assuming gpiNN > 0, one can see that the relative signs of λBs are the same as can be
seen by comparing Eqs.(18) and (19) to Eq.(17). This result follows from the fact that
the SU(3) symmetry is slightly broken in our sum rules. In fact, there is another sign
convention for meson-baryon coupling constants [15]. As emphasized in Ref. [19], however,
both conventions lead to the same result for the only physically meaningful sign, gKNΛ and
gKNΣ · µ(Σ◦Λ). Where, µ(Σ◦Λ) is the Σ◦ − Λ transition moment.
In summary, using the 3-point correlation function method gpiΛΣ and gKΣΞ are obtained
in the QCD sum rule approach. In both cases the contribution of SU(3) breaking effects in
the leading order OPE side is less than 5%. The pattern of SU(3) breaking appears to be
different from that based on SU(3) relations. Omission of continuum model contributions,
as done in previous calculations, appears to be too crude. The couplings increase when
the continuum model corrections are included, in some cases by nearly 50%. It would be
interesting to further refine the QCD sum rule approach to allow a more depth study.
6
ACKNOWLEDGMENTS
The author thanks Prof. Su H. Lee for valuable discussions. He is also grateful to
Prof. A.W. Thomas, Dr. A.G. Williams, Dr. D.B. Leinweber for useful discussions and
comments, and especially to Dr. D.B. Leinweber for his comments on the manuscript. The
author wishes to acknowledge the financial support of Korea Research Foundation (KRF)
made in the program year 1997. This work is supported in part by KOSEF through CTP
at Seoul National University and in part by Special Research Centre for the Subatomic
Structure of Matter in University of Adelaide.
7
TABLES
Table I. Coupling constants.
Coupling Constants gKNΛ gKNΣ gpiΛΣ gKΣΞ
SU(3) – 16.01 ∼ – 10.67 3.01 ∼ 4.51 7.94 ∼ 11.90 – 16.12 ∼ – 10.74
QSR (w/o Cont.)† – 6.96 1.05 7.53 – 7.02
QSR (with Cont.)† – 8.34 1.26 10.79 – 10.22
Exp. Fit – 13.681 3.861 11.752 N/A
† We take 〈q¯q〉 = – (0.230 GeV)3.
1 Ref. [14].
2 Ref. [15].
8
REFERENCES
[1] M.A. Shifman, A.I. Vainshtein and V.I. Zakharov, Nucl. Phys. B147, 385, 448 (1979).
[2] L.J. Reinders, H. Rubinstein and S. Yazaki, Phys. Rep. 127, 1 (1985).
[3] S. Narison, “QCD Spectral Sum Rules”, World Scientific Lecture Notes in Physics, Vol.
26 (1989); and references therein.
[4] S. Choe, M.K. Cheoun and Su H. Lee, Phys. Rev. C53, 1363 (1996).
[5] C. Bennhold, T. Mart and D. Kusno, Proc. CEBAF/INT Workshop on N∗ Physics,
Seattle, September 9-13, 1996 (nucl-th/9703004).
[6] S. Choe and Su H. Lee, J. Korean Phys. Soc. (to be published), nucl-th/9708042.
[7] L.J. Reinders, H. Rubinstein and S. Yazaki, Nucl. Phys. B213, 109 (1983).
[8] B.L. Ioffe and A.V. Smilga, Nucl. Phys. B232, 109 (1984).
[9] B.L. Ioffe, Phys. Atom. Nucl. 58, 1408 (1995).
[10] D.B. Leinweber, Ann. Phys. 254, 328 (1997).
[11] M.C. Birse and B. Krippa, Phys. Lett. B373, 9 (1996).
[12] M.C. Birse and B. Krippa, Phys. Rev. C54 , 3240 (1996).
[13] Particle Data Group, Phys. Rev. D54, 1 (1996).
[14] R.G.E. Timmermans, T.A. Rijken and J.J. de Swart, Nucl. Phys. A585, 143c (1995).
[15] M.M. Nagels et al., Nucl. Phys. B147, 189 (1979); O. Dumbrajs et al., Nucl. Phys.
B216, 277 (1983).
[16] J.J. de Swart, Rev. Mod. Phys. 35, 916 (1963).
[17] P.G. Ratcliffe, Phys. Lett. 365, 383 (1996); hep-ph/9710458.
[18] T.E.O. Ericson, B. Loiseau, J. Blomgren and N. Olsson, πN News Letter 12, 6 (1996).
[19] R.A. Adelseck and B. Saghai, Phys. Rev. C42, 108 (1990).
9
